The influence of the acid extract of peel of Cucurbita maxima (PCM) on the corrosion of mild steel in 1N H 2 SO 4 was investigated by weight loss, polarization and impedance methods and SEM analysis. The inhibition efficiency increases with extract concentration and immersion period. Weight loss and corrosion rates of mild steel decreased as the concentration of inhibitor increased. The results showed that PCM was potential corrosion inhibitor and maximum inhibition efficiency (IE %) obtained was 98% for 3%PCM at 1h. Impedance measurement results an increase in charge transfer resistance (R ct ), which also confirms the corrosion inhibitive nature of the plant extract. Potentiodynamic study showed that PCM acts as a mixed type of inhibitor, which controls both the anodic and cathodic reactions. Scanning electron microscopic studies provided the evidence of improved surface condition for the corrosion protection, due to the adsorption.
INTRODUCTION
Acid solutions are widely used such as in acid pickling, industrial cleaning, oil well cleaning, etc 1 . Corrosion inhibitors are used to reduce the corrosion rate of metals in contact with acidic environment 2 . Most of the inhibitors are organic compounds with hetero-atoms having higher electron density, are adsorbed on the metallic surface and block the active sites of the metal atom. They are highly toxic to environment. Hence, use of natural plant extracts as eco-friendly and biodegradable corrosion inhibitors has become popular. Literature study shows that green corrosion inhibitor with no environmental hazards is to be discovered or invented 3 .On this note Natural products such as Nyctanthes arbortristis 4 , Acacia trees 5 ,Aloes extract 6 , Terminalia catappa 7 , Cordia Dichotoma 8 , Rauvolfia serpentine 9 , Ginkgo leaves 10 Garlic aqueous extract 11 , Green leafy vegetables 12 and Bauhinia purpurea 13 have been used as inhibitors. Cucurbita maxima belongs to the family cucurbitaceae. Cucurbita species is found to contain flavonoids, alkaloids, carotenoids, steroids, saponins, carbohydrates and amino acids 14 .
In the present work investigates the corrosion inhibition properties of the acid extract of the peel of Cucurbita maxima (PCM) on mild steel by weight loss measurement, polarization and impedance methods and SEM analysis.
EXPERIMENTAL

Materials
The sheet of mild steel (MS) used for this study has the following composition (wt %) (0.047% C; 0.22% Mn; 0.015% Ni; 0.001% S; 0.006% Al;0.002% p;0.001% Mo; Fe balance).The sheet was 2 mm in thickness and was mechanically press cut into 5 cm × 2 cm coupons. The 1N H 2 SO 4 Solution, prepared from AR grade H 2 SO 4 was employed as the corrodent for the study. The extract was prepared by refluxing 25g of powdered peel of Cucurbita maxima in 500 ml of 1N H 2 SO 4 for 3 h. and kept overnight. Then it was filtered and this was taken as a stock solution. An inhibitor test solution was prepared in the concentration range from 0.05% v/v to 3% v/v from the respective stock solution.
METHODS
Weight loss method
The Weight Loss method was the best known and simplest corrosion monitoring techniques. The mild steel specimens were abraded with a series of emery papers (grade 400-600), washed with distilled water, degreased with acetone, and dried. After weighing accurately on an analytical balance, three parallel MS specimens were completely immersed in a beaker containing 100 ml of 1N H 2 SO 4 with and without different concentrations of PCM at different immersion periods (1h, 3h, 5h, 7h, 18h and 24h). Then, the mild steel specimens were removed, washed with distilled water, dried and weighed accurately. The experiment was carried out in triplicate and the weight losses were averaged. From the weight loss measurements, the corrosion rate (CR) and Inhibition efficiency (IE) will be calculated using the following relationship Where CR blank and CR inhi are the corrosion rate values in absence and in presence of inhibitor.
Potentiodynamic polarization
Electrochemical measurement providing vital information about the mechanism of inhibition. The measurement was carried out using IVIUM make analyzer at room temperature with and without the addition of different PCM concentrations at a scan rate of 1 mV/s. The potential range was calculated from E ocp values. The inhibition efficiency was calculated by Tafel method and LPR method .The calculation of IE from Tafel and LPR methods are given by the following equation Where I corr(blank) and I corr(inhibitor) are referred to corrosion current density in the absence and presence of PCM respectively. Rp (blank) and Rp (inhibitor) are referred to resistance polarization without and with the addition of PCM respectively.
Electrochemical Impedance Spectroscopy (EIS)
E ocp of every sample was immersed for 30 minutes over a frequency range of 10 KHz to 0. Where Rct blank and Rct inhibitor are referred to charge transfer resistance without and with the addition of PCM extract respectively.
Scanning Electron Microscopy (SEM)
The mild steel specimens immersed in blank and in the inhibitor solutions for 3h were removed, rinsed with distilled water, dried and examined using Shimadzu make scanning electron microscope in the magnification range of 100 µm. 
RESULTS AND DISCUSSIONS
Effect of immersion time on inhibition efficiency of the plant extract in IN H 2 SO 4 medium
The inhibition efficiency of the plant extract and corrosion rate of mild steel for various immersion times was shown in Table1. Corrosion rate of mild steel decreases and inhibition efficiency increases with the increased inhibitor concentration. Figure  1 shows the effect of immersion periods on the corrosion rate of mild steel and Figure 2 shows the relation between the inhibition efficiency and different immersion periods. At 3% v/v of the inhibitor concentration for 1 hour the IE was found to be 98%. The decrease in corrosion rate and increase in inhibitor efficiency usually attributed to the adsorption of plant constituents on the surface of mild steel which makes a barrier and protects further attack by the acid. The inhibitor was found to have good efficiency at all immersion periods.
Polarization results
The effect of PCM concentration on the corrosion behavior of mild steel in 1N sulfuric acid solution was studied by polarization measurements. From polarization curves, the electrochemical parameters as obtained are shown in table 2. These include corrosion potential (E cor ), corrosion current density (I cor ) determined by the cathodic Tafel line to the corrosion potential. The cathodic (âc) Tafel slope decreases suggesting that the extract inhibits the corrosion of mild steel through the adsorption of its secondary metabolites and it acts as a mixed type inhibitor. The values of E corr change slowly to 
Electrochemical impedance measurement
The Nyquist plot of mild steel in 1N H 2 SO 4 and in the presence of different concentrations of PCM are given in Figure 3 . The impedance parameters are summarized in Table 3 . The impedance diagram showed depressed semicircles indicating the corrosion of mild steel was controlled by charge transfer process. The diameter of the capacitive loop in the presence of PCM is larger than that in the blank solution. The values of charge transfer resistance (R ct ) that increased with inhibitor concentrations revealed that the formation of a protective film on the mild steel surface. The values of surface in homogeneity coefficient (n) decreased with increasing concentration of PCM extract. The C dl values shown in the Table 3 are found to decrease with increasing extract concentration. This confirms that the plant constituents are adsorbed on the metal surface resulting in decrease in double layer capacitance. The increasing charge transfer resistance R ct values showed the reduced corrosion rate in the presence of the plant extract. It was confirmed that the plant extract shows good corrosion inhibition efficiency.
SEM Analysis
SEM micrographs of mild steel surfaces after immersion for 3h in the presence and absence of PCM extract are shown in Fig 4a, 4b and 4c. Fig  4a shows the SEM image of polished mild steel surface. Fig 4b showed that mild steel coupon in uninhibited 1N H 2 SO 4 was highly damaged; it can be concluded that MS surface was highly corroded in the absence of inhibitor. Fig 4c shows that there is less damage on the MS surface in the presence of 3% of PCM extract; which further confirms the adsorption behavior of inhibitor on MS surface.
CONCLUSIONS
The finding of the study shows that: 1.
PCM acts as green inhibitor for the corrosion of mild steel in 1N H 2 SO 4 .
2.
It was found that the corrosion rate of mild steel decreases with the increase in concentration of the inhibitor.
3.
The results of weight loss measurements for different immersion periods at room temperature show the maximum inhibition efficiency of 98% at 3% v/v of PCM. 4.
The effect of immersion time on inhibition efficiency shows that the inhibitor is effective even for longer immersion periods at low concentration.
5.
Polarization results showed that the PCM is a mixed type inhibitor. 6.
According to impedance study the increasing charge transfer resistance R ct values showed the reduced corrosion rate in the presence of the plant extract. 7.
SEM analysis revealed that the adsorption of secondary metabolites in the plant extract on the mild steel surface which is responsible for the inhibition of corrosion.
